Single crystals of Ti 8 Bi 9 O 0.25 , titanium bismuth oxide (8/9/0.25), were obtained from a sample prepared by heating a mixture of Ti, TiO 2 and Bi powders in an Ar atmosphere. Single-crystal X-ray analysis revealed that the introduction of O atoms into the structure of Ti 8 Bi 9 retains the space-group type P4/nmm. The oxygen site is located within a Ti 4 tetrahedron (point group symmetry 4m2) that is vacant in the Ti 8 Bi 9 crystal structure. The occupancy of this site is 0.25 (4), and the O-Ti distance is 1.8824 (11) Å .
Chemical context
The crystal structure of Ti 8 Bi 9 , having the tetragonal space group P4/nmm, a = 10.277 (1) Å , c = 7.375 (1) Å , Z = 2, was determined by Richter and Jeitschko (1997) . This compound was identified in Ti-Bi binary phase diagrams (Okamoto, 2010 (Okamoto, , 2015 , and was also confirmed by powder X-ray diffraction (PXRD) in a study of the Ti-Bi phase diagram (Maruyama et al., 2013) . Recently, the use of a Bi flux has enabled single-crystal growth of a new polymorph of TiO ("-phase; Amano et al., 2016) . While exploring new suboxides containing Ti using a Bi flux, we also found the title compound, Ti 8 Bi 9 O 0.25 where interstitial O sites are partly occupied.
In the present communication, details of single-crystal growth of Ti 8 Bi 9 O 0.25 and its comparison with the crystal structure of Ti 8 Bi 9 (Richter & Jeitschko, 1997) are reported.
Structural commentary
Reflections from a single crystal of Ti 8 Bi 9 O 0.25 could be indexed with a primitive tetragonal cell similar to that of the oxygen-free compound Ti 8 Bi 9 (Richter & Jeitschko, 1997) . The differences in the lengths of the a and c axes and in the cell volume from those of Ti 8 Bi 9 were +1.0%, À0.09% and +0.74%, respectively. The reflection conditions observed for the new compound were the same as for Ti 8 Bi 9 , revealing space group P4/nmm.
The crystal structure and atomic arrangement for Ti 8 Bi 9 O 0.25 are depicted in Figs. 1 and 2, respectively. In the crystal structure of Ti 8 Bi 9 (Richter & Jeitschko, 1997) , the Ti2 site is in a trigonal antiprism (point group symmetry. .2/m) made up from Bi atoms with Bi-Ti distances of 2.848 (1) and 2.931 (1) Å (Table 1) . The Ti3 and Ti4 sites are situated in square antiprisms in which the Bi-Ti distances range from 2.937 (5) to 3.144 (6) Å . The Ti3-and Ti4-centered Bi1 4 Bi2 4 ISSN 2056-9890 square antiprisms both exhibit point group symmetry 4mm and are arranged along the c axis by sharing the square planes. The Bi1Bi2 2 triangle plane is shared by the Ti2-centered Bi1 2 Bi2 4 trigonal antiprism and the Ti3-centered Bi1 4 Bi2 4 square antiprism. In the crystal structure of Ti 8 Bi 9 , only the Ti1 site forms a Ti polyhedron. The Ti1-Ti1 distances of the Ti1 4 tetrahedron are 2.934 (6) and 3.074 (3) Å . In addition to the three Ti1 sites, each Ti1 site is surrounded by six Bi atoms at distances of 2.945 (4)-3.074 (5) Å , and by two Ti2 sites at a distance of 3.017 (2) Å . The O atom of Ti 8 Bi 9 O 0.25 is located in the Ti1 4 tetrahedron at a site with symmetry 4m2 and with a site occupancy of 0.25 (4). The partial occupation by the O atoms changes the Ti1-Ti1 distances in the tetrahedron to 2.992 (2) and 3.1142 (19) Å , representing increases of 1.9% and 1.3%, respectively. The Ti1-Bi2 distance is also increased by 1.4%, although the changes in the Ti3-Bi and Ti4-Bi distances are both less than 0.4%.
The O1-Ti1 distance of 1.8824 (11) (Shannon, 1976) . The bond-valence sums (BVSs) calculated for the O1 site in the Ti1 4 tetrahedron using bond-valence parameters (R 0 ) for Ti 4+ (1.815 Å ), Ti 3+ (1.815 Å ) and Ti 2+ (1.734 Å ) and B = 0.37 (Brese & O'Keeffe, 1991; are 3.33, 3.12 and 2.68 valence units (v.u.), respectively. All of these values are considerably greater than the expected valence value of 2 for an O atom, which may suggest that the O1 site is not fully occupied, or that bond-valence parameters for titanium in lower oxidation states (and/or tetrahedral coordination) need revision. Complete occupation of O atoms in tetrahedral sites surrounded by Ti atoms has been reported for the crystal structures of Ti 12-Ga x Bi 3-x O 10 . In these structures, the Ti-O distances range from 1.957 (3) to 2.291 (3) Å , all of which exceed the value of 1.8824 (11) Å for O1-Ti1 in Ti 8 Bi 9 O 0.25 . The BVSs calculated for the O sites in Ti 12-Ga x Bi 3-x O 10 using the parameters for Ti 3+ and Ti 2+ were found to be in the ranges 2.18-2.21 and 1.87-1.89 v.u., respectively .
Synthesis and crystallization
A sample containing the title compound was prepared by combining 0.85 mmol Ti powder (99.99%, Mitsuwa Chemical Co., Ltd), 0.125 mol TiO 2 powder (rutile, 99.99%, Rare Metallic Co., Ltd) and 1.5 mmol Bi powder (99.999%, Mitsuwa Chemical Co., Ltd) in an agate mortar and subsequent pressing into a pellet (Ø 6 mm) under atmospheric conditions. The pellet was placed in a Ta boat that was then transferred into a stainless-steel tube and sealed with a cap in an Ar-filled glove box (MBRAUN; O 2 and H 2 O < 1 ppm). The sealed stainless-steel tube was heated to 1073 K at a rate of approximately 400 K h
À1
, maintained at this temperature for 10 h, and subsequently cooled to 723 K at a rate of 10 K h À1 . Below 723 K, the sample was cooled to room temperature by shutting off the electric power to the heater of the furnace. The resulting sample was crushed and single-crystal fragments of Ti 8 Bi 9 O 0.25 were extracted. A single crystal for XRD analysis was sealed in a glass capillary. The crushed sample was also analyzed by electron probe microanalysis (EPMA, JEOL, JXA-8200). Only Bi, Ti and O were found in the bulk. The O concentration was greater than the expected values, indicating that some oxidation had occurred while transferring the specimens to the EPMA instrument. In addition to fragments with a Ti:Bi atomic ratio of approximately 8:9, some Birich (>85%) portions and fragments with a Ti:Bi ratio of approximately 3:2 were also identified.
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 2 . The diffraction data of Ti 8 Bi 9 O 0.25 were initially analyzed using the Ti 8 Bi 9 model (Richter & Jeitschko, 1997) , and a residual electron density of 8.4 e Å program(s) used to solve structure: SHELXT (Sheldrick, 2015a ); program(s) used to refine structure: SHELXL2014 (Sheldrick, 2015b) ; molecular graphics: VESTA (Momma & Izumi, 2011) ; software used to prepare material for publication: publCIF (Westrip, 2010) . 
Special details
Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. 
